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Background  and purpose.  – Long-term  results  of  decompressive  laminectomy  in  degenerative  lumbar
stenosis  have  been  studied  in  only  six  prospective  studies.  The  objective  of  our study  was to  evaluate  the
functional  outcome  at long  term  of patients  after  decompressive  laminectomy  in lumbar  stenosis  and  to
determine  predictive  factors  of  favorable  outcome.
Methods. –  A prospective  cohort  data  were  collected  by an  independent  observer  ﬁve  years  after  decom-
pressive  laminectomy  for degenerative  lumbar  stenosis.  The  endpoint  was  the assessment  of  the Beaujon
score  for  functional  evaluation.  The  result  was  considered  as favorable  if  the  Beaujon  score  increased  by
at  last  ﬁve  points  between  the  preoperative  stage  and  at  follow-up  examination.  Logistic  regression  was
then performed  with  univariate  and  multivariate  analysis  to reveal  predictive  factors  of  good  long-term
outcome  (P  ≤  0.05).
Results.  –  The  preoperative  characteristic  of  our  population  (n = 98)  was  a mean  age  of  67.3  ±  8.8 years,  a
low comorbidity  (mean  Charlson  score  = 2.8 ± 1.5),  overweight  status  (BMI  = 29.4  ± 6.3)  and  the mean
Beaujon  score  was  9.3  ±  3.1.  At  ﬁve  years  after  surgery,  the  mean  Beaujon  score became  14.1  ±  4.2.
Favorable  functional  outcome  concerned  45.9%  of  our  series.  The  predictive  factor  of  favorable  outcome
identiﬁed  in  the  univariate  analysis  the  neurological  deﬁcit  (P  = 0.05)  and  in  the  multivariate  analysis  the
low  comorbidity  (P  =  0.01).
Conclusion.  –  The  long-term  results  of surgical  treatment  of lumbar  spinal  stenosis  were  moderate  with
an improved  outcome  in  49.5%  of cases  in  our  study.  The  only  independent  factor  to  a favorable  outcome
was  the  low  comorbidity.
© 2012  Elsevier  Masson  SAS. 
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Contexte  et  objectif.  – Les  résultats  à long  terme  de  la  décompression  en cas  de  sténose  lombaire  dégénéra-
tive  ont  été  étudiés  dans  seulement  six  études  prospectives.  L’objectif  de  notre  étude  était  d’évaluer  les
résultats fonctionnels  à long  terme  de  patients  opérés  d’une  sténose  lombaire  et de  déterminer  les  facteurs
prédictifs  d’un  résultat  favorable.
Open access under CC BY-NC-ND license.acteur prédictif Méthodes.  – Les  données  postopératoires  ont  été  recueillies  de  fac¸ on prospective  par  un observateur
indépendant,  cinq  ans après  la  décompression.  Le résultat  a été  considéré  comme  favorable  si  le  score
de Beaujon  avait  augmenté  de  cinq  points  au  minimum  entre  le  stade  préopératoire  et le terme  du  suivi.
Une  régression  logistique  a  été  réalisée  aﬁn  de  révéler  des  facteurs  prédictifs  de  bon  résultat  à  long  terme
(p ≤ 0,05).
Résultats.  – La caractéristique  de  notre  population  (n  = 98)  en  préopératoire  était  un  âge  moyen
de  67,3 ± 8,8  ans,  une  comorbidité  faible  (score  de  Charlson  =  2,8  ±  1,5),  une  surcharge  pondérale
∗ Corresponding author.
E-mail addresses: francois.proust@chu-rouen.fr, f.proust@neurochirurgie.fr (F. Proust).
028-3770 © 2012 Elsevier Masson SAS. 
ttp://dx.doi.org/10.1016/j.neuchi.2012.09.005
Open access under CC BY-NC-ND license.
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(IMC  = 29,4  ± 6,3). Le  score  moyen  de  Beaujon  était  de  9,3  ±  3,1  en  préopératoire  et  de  14,1  ± 4,2  à  cinq
ans. Le résultat  fonctionnel  était  favorable  dans  45,9  %. Les  facteurs  prédictifs  d’évolution  favorable  iden-
tiﬁés  était  le déﬁcit  neurologique  (p =  0,05)  dans  l’étude  univariée  et la  faible  comorbidité  (p =  0,01)  en
multivarié.
Conclusion.  – Les  résultats  à long  terme  du  traitement  chirurgical  des  sténoses  lombaires  sont  modérés  avec
une  amélioration  des  résultats  dans  49,5  % des  cas.  Le  seul  facteur  indépendant  prédictif  d’une  évolution
dité  f
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. Introduction
Degenerative lumbar spinal stenosis is a very common compres-
ive pathology to the spinal canal, the neuronal foramina and the
erve roots responsible for frequent surgical indication in patients
ast 65 years (Katz et al., 1999). Although numerous studies have
een published, controversy still exists regarding the indication of
urgical treatment (Athiviraham et al., 2011; Gibson and Waddell,
005). During the last years, studies with high evidence have been
ublished and report that the majority of the patients beneﬁt from
urgery both in reducing pain and improving function, faster and
n larger extend than the conservative treatment approach (Atlas
t al., 2005; Malmivaara et al., 2007; Weinstein et al., 2008). Indeed,
urgery is required after the failure of conservative care (Jonsson
t al., 1998). The literature shows heterogeneous results after the
urgical treatment of spinal stenosis. In the short term, several
rospective studies reported a functional beneﬁt in 60 to 79% of
ases (Amundsen et al., 2000; Gelalis et al., 2010; Iguchi et al.,
000; Javid and Hadar, 1998; Jonsson et al., 1998; Katz et al., 1999;
hornes et al., 2011). Few studies have examined long-term func-
ional outcome of surgical treatment of degenerative lumbar spinal
tenosis with a high variability of results (Amundsen et al., 2000;
tlas et al., 2005; Iguchi et al., 2000; Javid and Hadar, 1998; Jonsson
t al., 1998; Yamashita et al., 2003). A meta-analysis conducted by
urner et al. reported a good outcome in a large range 26 to 100%
Turner et al., 1992). Moreover, predictive factors inﬂuencing long-
erm results are contradictory and poorly studied in the literature
Aalto et al., 2006; Atlas et al., 2005; Iguchi et al., 2000; Jonsson et al.,
998; Turner et al., 1992; Yamashita et al., 2003). The study of these
riteria is a key issue to determine the best timing to propose the
urgical management.
The objectives of this study were to evaluate in the long term
etting the functional outcome after the surgery of lumbar spinal
tenosis, and to determine predictive factors to a favorable out-
ome.
. Patients and methods
.1. Study design
This study involved a series of consecutive patients operated on
or a degenerative lumbar stenosis. The goals were to analyze the
unctional outcome at ﬁve years and determine predictive factors
f favourable outcome.
.2. Population
The criteria for inclusion were:the lumbar spinal stenosis was deﬁned by the presence of inter-
mittent neurogenic claudication, or signs of chronic neurogenic
compression and associated with the presence of a central or lat-
eral compression of the cauda equina or spinal nerves on imaging;aible.
  ier  Masson  SAS.  
• patients treated surgically of a degenerative lumbar spinal steno-
sis between January 2003 and December 2004 in the Department
of Neurosurgery at Rouen University Hospital;
• control consultation in out-clinic patient in 2009 to prospectively
evaluate the functional status and quality of life, by an indepen-
dent physician.
The criteria of exclusion were:
• associated pathology responsible for functional disability (cer-
vical myelopathy, peripheral neuropathy, cerebrovascular acci-
dent, peripheral arterial disease stage 2–4 according to the
Leriche and Fontaine, inﬂammatory rheumatoid disease);
• a previous history of lumbar canal decompression.
Among the 143 eligible patients, 11 were excluded and 34 lost
to follow-up. In total, 98 patients were included.
2.3. Endpoint
The functional outcome was  graded according to the Beaujon
score (Lassale et al., 1988). Questions covered the following topics:
walking distance (three points), low back pain (three points), radic-
ular pain at rest (three points) and radicular pain during motion
(two points), neurological deﬁcit (four points), analgesics (two
points) and daily life (three points). The maximum possible score
of 20 points is given to a subject with no functional impact.
2.4. Surgical treatment
Patients were placed in prone position. The median incision
was centered on the spinous processes. Laminectomy was  per-
formed in all cases by a senior surgeon using a Kerrisson punch.
The lateral spinal canal decompression was performed thanks to a
partial arthrectomy associated to small foraminotomy to free the
nerve roots. Zygapophysal facet joints were preserved up to avoid a
secondary destabilization. The hypertrophied ligamentum ﬂavum
was resected too using a Kerrisson punch. Concomitant discec-
tomy was  performed in patients with an associated herniated disc.
One patient underwent internal ﬁxation combined with a laminec-
tomy but no fusion had been achieved. The average time of surgery
was 90 ± 11 minutes and the intraoperative blood loss averaged
115 mL  ± 23 mL.
Two days after surgery patient were allowed to walk without
orthesis with a sufﬁcient analgesia. Rehabilitation performed by
a physiotherapist consisted in isometric toniﬁcation of the lower
limbs and trunk. It was started in the ward. At home (about ﬁve
days), active physical therapy was also prescribed.
2.5. Variables
Cet article est publié en Open Access sous licence CC BY-NC-ND.Pre- and peroperative variables were collected retrospectively
through the study of the clinical records of each patient.
The variables identiﬁed preoperatively were biometric informa-
tion (sex, age, BMI), walking distance, dominant symptom pain,
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resence of a sensory or motor neurological impairment, current
unctional status (Beaujon score), comorbidity (Charlson score;
harlson et al., 1987), radiological analysis of lumbar spinal steno-
is (the anteroposterior diameter of the spinal canal in a horizontal
ection of CT or MRI  (sequence T1 or T2) through the transverse
rocesses), the diameter of the paravertebral muscles (measured
n horizontal section on CT or MRI  [sequence T1 or T2]), number of
nvolved levels and localisation of stenosis (global or lateral), oper-
ting criteria with the number and localisation of the recalibrated
evels, presence of osteosynthesis and/or arthrodesis and revision
urgery.
Five years after surgery, patients were reassessed (average of
5 ± 6 months) during a medical examination with an independent
bserver. The entourage was present and the consultation lasted
bout 30 minutes. Analysed variables were biometric information
sex, age, BMI), walking distance and functional status (Beaujon
core).
.6. Statistical analysis
Descriptive statistics were performed using JMP  (version 6.0.3,
AS Institute Inc.). Quantitative variables (age, BMI, Beaujon score,
alking distance, Charlson score, measuring the diameter of the
pinal canal on imaging, number of levels reached and recalibrated)
onsidered as continuous numeric variables were expressed as
ean ± standard deviation (SD) and compared using the Student t
est. Some variables (age ± 67 years, BMI  ± 30, Beaujon score ± 10,
harlson score ± 3, the walking distance ± 500 m,  the spinal canal
iameter ± 1.4 cm,  the muscle diameter ± 3.91 cm,  the number of
evels achieved and recalibrated ± 2) were dichotomized. Other val-
es were qualitative such as gender, predominant symptom (back
ain or radiculopathy), the presence of neurological deﬁcit, type
able 1
ocioeconomic characteristics, functional, comorbidity, iconographic and operating data
egenerative lumbar stenosis.
aractéristiques socioéconomiques, variables fonctionnelles, comorbidité, données iconographi
écompressive pour une sténose lombaire dégénérative.
Independent variable n = 98 (%
Socio-demographic data
Age in years preoperatively (mean ± SD) 67.3 ± 8.
Sexe  ratio (M/F) 0.96
CHARLSON score (mean ± SD) 2.8 ± 1.5
Clinical  data
Preoperative BMI (mean ± SD) 29,4 ± 6.
Preoperative walking distance in m (mean ± SD) 676,6 ± 1
BEAUJON preoperative score (mean ± SD) 9,3 ± 3.1
Predominant symptom: radicular/back pain 77 (88,8)
Neurological deﬁcit 48 (51)
Characteristics of the stenosis
Ductal diameter in cm (mean ± SD) 1.4 ± 0.6
Levels
Number of levels: 2/3/4/5 45 (45.9)
(mean ± SD) 2.6 ± 0.7
Topography: L2/L3/L4/L5/Other 21 (21.4)
Type of stenosis: Lateral/Global 7 (7.1)/9
Diameter of the muscles in cm (mean ± SD) 4.01 ± 0.
Operating data
Levels recalibred
Number of levels: 1/2/3/4/5 2 (2.04)/
(mean ± SD) 2.6 ± 0.7
Topography: L2/L3/L4/L5/Other 20 (20.4)
Arthrodesis or osteosynthesis 1 (1)
Complication 4 (4.1)
Reoperation 10 (10.2)
Stenosis adjacent levels 7 (7.1)
Spinal destabilization 3(3.1)
MI: body mass index; M/F: male/female; m:  meter; cm: centimeter; Ln: number of lum
MI  : indice de masse corporelle ; M/F  : homme/femme ; m : mètre ; cm : centimètre ; Ln : nomburgie 59 (2013) 23–29 25
of stenosis (global or lateral), the levels or recalibrated, the pres-
ence of fusion and/or ﬁxation and the concept of early recovery or
re interventions within ﬁve years. These values were expressed as
proportion and compared with that a 2 test or a Fisher’s exact test.
The outcome was  considered as favorable when a score of Beau-
jon improved by at least ﬁve points between the preoperative
period and ﬁve years reassessment.
An odds ratio in univariate and multivariate analysis with a
conﬁdence interval of 95% was  estimated using logistic regression
to determine predictors of favorable functional outcome at ﬁve
years of canal recalibration for symptoms of spinal stenosis. The
variables tested were age, BMI, Beaujon score, walking distance,
dominant symptom, presence of a neurological deﬁcit, Charlson
score, diameter of the spinal canal, diameter of the paravertebral
muscles, number and localisation of levels achieved and the num-
ber and location of levels recalibrated. The statistical signiﬁcance
is assigned a value of P < 0.05.
3. Results
3.1. Population
As detailed in Table 1, the mean age of patients at the time of
surgery was 67.3 ± 8.8 years with as many men  as women (sex ratio
at 0.96). In addition, comorbidity was low with an average Charlson
score of 2.8 ± 1.5. Patients were predominantly overweight with a
mean BMI  measured at 29.4 ± 6.3.
The functional status was  characterized by a Beaujon score
(score/20) of 9.3 ± 3.1 with most often lomboradiculagia (88.8%).
Half of the patients had a neurological deﬁcit (51%).
The morphological analysis of the stenosis reached mainly
two (45.9%) or three (42.8%) levels. L4 was  consistently reached
 about a population of 98 patients undergoing a decompressive laminectomy in a
ques et données opératoires pour une population de 98 patients traités par laminectomie
) Median; range
8 68; 41–84
 3; 0–8
3 29; 19.5–53.3
269.7 1000; 0–5000
 9; 2–19
/11 (11,2)
 1.3; 0.46–3.78
/42 (42.8)/10 (10.2)/1 (1)
/72 (73.5)/98 (100)/63 (64.3)/6 (6.1)
1 (92.9)
9 3.91; 2.71–5.6
47 (48)/40 (40.8)/8 (8.2)/1 (1)
/72 (73.5)/97 (99)/61 (62.2)/2 (2)
bar vertebrae; SD: standard deviation.
re de vertèbres lombaires ; SD : écart-type.
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Table 2
Comparison of functional variables and quality of life between the preoperative clinical condition and clinical status at ﬁve years of decompressive laminectomy in a
degenerative lumbar stenosis.
Comparaison des variables fonctionnelles et de la qualité de la vie entre l’état clinique préopératoire et le statut clinique à cinq ans d’une laminectomie décompressive pour sténose
lombaire dégénérative.
Independent variable Preoperative
Mean ± SD
[median; range]
At 5 years
Mean ± SD
[median; range]
P
BMI 29.5 ± 6.3
[29; 19.5–53.3]
29.3 ± 6.4
[28.4; 18–53]
0.23a
Walking distance (m)  705.61 ± 1303.58
[1000; 0–5000]
2083.3 ± 2131.6
[1000; 48–5000]
0.001a
Beaujon score 9.43 ± 3.07
[9; 2–19]
14.1 ± 4.2
[14; 3–20]
0.001a
EORTC score NA 20.1 ± 5.9
[19; 13–44]
BMI: body masse index; m:  meter; SD: standard deviation; NA: not applicable.
BMI  : indice de masse corporelle ; m : mètre ; SD : écart-type ; NA : ne s’applique pas.
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La Student test.
aTest de Student.
100%) then L3 (73.5%) and L5 (64.3%). The narrowing of the canal
veraged 1.4 ± 0.6 cm and the stenosis was mainly global
92.9%). The diameter of the paravertebral muscles averaged
.01 ± 0.9 cm.
In majority, two (48%) or three (40.8%) levels were recalibrated.
4 was almost constantly recalibrated (99%) and L3 (73.5%), L5
62.2%) were also frequently recalibrated. A single ﬁxation without
rthrodesis had been achieved in our series for a signiﬁcant L4-
5 instability diagnosed preoperatively on dynamic radiographs.
our patients (4.1%) had an early complication requiring further
urgery (three local infections). An early complementary laminec-
omy at L3, L4 was performed in one case due to an insufﬁcient
ecalibration with residual postoperative pain. The rate of further
urgery within ﬁve years performed beyond three months post-
urgery was 10.2% and was achieved on average 43 ± 5 months
fter the ﬁrst intervention. The causes of further surgery were
even cases of stenosis of adjacent levels (7.1%) responsible for
linical deterioration. Levels that were involved were L5 in two
ases, L3 in three cases and L2 in two cases. Three (3.1%) delayed
pinal required revision surgery for pedicle screw ﬁxation and pos-
erolateral fusion. The diagnosis of instability was  highlighted by
 recurrence of pain or neurological disorders and radiological
able 3
redictive factors of favorable outcome for a cohort of 98 patients treated for degenerativ
acteurs prédictifs d’un résultat favorable dans une cohorte de 98 patients traités par laminec
Variable OR (95% IC) 
Age ≤ 67 years 1.76 (0.79–3.93) 
Normal or overweight 1.52 (0.63–3.65) 
Beaujon score 0–10 2.19 (0.92–5.25) 
Walking distance < 500 m 1.12 (0.48–2.58) 
Dominant radicular 4.4 (0.9–21.54) 
Neurological deﬁcit 2.32 (1.03–5.23) 
Charlson score < 3 4.35 (1.67–11.33) 
Ductal diameter < 1.4 cm 2.2 (0.57–8.56) 
Muscle diameter < 3.91 cm 2.4 (0.52–10.99) 
>  2 levels reached 1.56 (0.7–3.48) 
L2  1.78 (0.67–4.71) 
L3  1.51 (0.61–3.78) 
L4  NA 
L5  0.85 (0.37–1.94) 
>  2 levels recalibrated 1.56 (0.7–3.48) 
L2  1.23 (0.46–3.28) 
L3  1.22 (0.49–3.02) 
L4  NA 
L5  0.49 (0.22–1.13) 
n: lombar vertebra n; m:  meter; cm:  centimeter; OR: odds ratio; aOR: adjusted odd-rati
n  : nombre de vertèbres lombaires ; m : mètre ; cm : centimètre ; OR : odds-ratio; aOR: odd-raconﬁrmation. Instability involved the levels L4-L5 in two cases and
L3-L4 in one case.
3.2. Functional status at ﬁve years
The characteristics of patients at ﬁve years are detailed in
Table 2.
Postoperative BMI  was  comparable to the preoperative BMI
(P = 0.23). Functional status was  signiﬁcantly improved compared
to the initial status for walking distance (P = 0.001) and Beaujon
score (P = 0.001). According to our criteria for a good outcome, 45
(45.9%) patients experienced a signiﬁcant improvement in their
functional status.
3.3. Predictive factors of outcome
The study of predictors is presented in Table 3. The only predic-
tive factor that appeared signiﬁcant in a multivariate analysis was a
Charlson score of less than 3 with an aOR 4.58 (95% CI: 1.37 to 17.48)
(P = 0.01). In a univariate analysis, predictive factors identiﬁed was
a lower comorbidity with an OR = 4.35 (95% CI: 1.67–11.33) and the
e lumbar stenosis with a decompressive laminectomy.
tomie décompressive pour une sténose lombaire dégénérative.
P aOR (95% IC) P
0.22
0.38
0.09 2.68 (0.86–9.03) 0.09
0.83
0.06 0.22 (0.03–1.23) 0.11
0.05 1.97 (0.65–6.21) 0.23
0.003 4.58 (1.37–17.48) 0.01
0.31
0.5
0.31
0.32
0.49
NA
0.83
0.31
0.8
0.82
NA
0.1 0.25 (0.03–1.54) 0.16
o; NA: not applicable.
tio ajusté ; NA : ne s’applique pas.
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Table  4
Literature review of the function and quality of life of long-term patients who were operated on a decompressive laminectomy in case of degenerative lumbar stenosis.
Revue  de la littérature des résultats fonctionnels et de la qualité de vie à long terme des patients opérés par une laminectomie décompressive pour sténose lombaire dégénérative.
Authors Number of patient Follow-up Criteria of evaluation Results at the end of
follow-up
Predictive factors of
favorable outcome
Turner et al., 1992 Average: 47
(74 articles)
Meta-analysis
Pain, ability to work,
functional status
Excellent and good:
64% (26 to 100%)
Degenerative
spondylolisthesis
Jonsson et al., 1998 Pre-op: 105
Follow-up: 86
5 years Patient satisfaction Excellent: 52% Antero-posterior
diameter ≤6 mm
Low comorbidity
Claudication and leg
pain < at 4 years
Javid  and Hadar, 1998 Pre-op: 170
Follow-up: 146
1 at 11 years Success: 66.9%
Amundsen et al., 2000 Pre-op: 32
Follow-up: 28
10 years Self assessment
Pain
Walking distance
Physical activity
Good result: 71%
Iguchi et al., 2000 Pre-op: 150
Follow-up: 37
13 years JOA score Excellent and good: 60% 1 level recalibrated
Atlas  et al., 2005 Pre-op: 63
Follow-up: 56
8 at 10 years Function: pain,
satisfaction
Satisfaction: 55% No signiﬁcant factor
Yamashita et al., 2003 Pre-op: 102
Follow-up: 70
5 years VAS score Improved low back pain
(P = 0.0002) and leg pain
(P = 0.0001)
Age < at 65 years
Foulongne et al., 2012 Pre-op: 132
Follow-up: 98
5 years Beaujon score Improved Beaujon score
(P = 0.01)
Low comorbidity
(P = 0.01)
P
P
p
t
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cre-op: preoperatively; mm:  millimeter.
re-op : en préopératoire ; mm : millimètre.
resence of neurological deﬁcit (P = 0.05) with OR 2.32 (95% CI: 1.03
o 5.23).
.  Discussion
Our study is a retrospective study with prospective follow-up
f 98 patients assessed during ﬁve years after a procedure of surgi-
al decompression of a degenerative lumbar stenosis. It concluded
o a signiﬁcant improvement in the Beaujon score that increased
rom 9.3 ± 3.1 preoperatively to 14.1 ± 4.2 to ﬁve years (P = 0.001).
he predictive factors of favorable outcomes were the low comor-
idity (P = 0.002) and presence of preoperative neurological deﬁcit
P = 0.04).
.1. Long-term interest of decompressive laminectomy
The appreciation of the beneﬁts of decompressive laminectomy
or degenerative lumbar stenosis remains difﬁcult because of the
eterogeneity of studies.
An extensive review of the literature about long-term functional
esults is reported in Table 4. Indeed, the literature on prospec-
ive studies of more than ﬁve years of follow-up shows satisfactory
esults ranging from 52 to 71% (Amundsen et al., 2000; Atlas et al.,
005; Iguchi et al., 2000; Javid and Hadar, 1998; Jonsson et al.,
998). A meta-analysis by Turner et al. (1992) conducted in 1992
emonstrated very heterogeneous results ranging from 26 to 100%
f good and very good result. Some studies are based on the assess-
ent of patient satisfaction and have also mitigated results (Atlas
t al., 2005; Jonsson et al., 1998). For Jonsson et al. (1998) who
tudied 86 patients prospectively over a period of ﬁve years, the
atisfaction term was 52%. The satisfaction was still at 70% after
wo years of follow-up with therefore a signiﬁcant worsening
etween the two periods. The long-term functional outcome in our
tudy showed comparable results with a good result in 45.9% of
ases.Good result: 45.9%
4.2. Predictive factors of decompressive laminectomy
The predictive factors of the functional outcome of surgical
treatment were also studied in the literature.
Comorbidity was  the factor most often pointed out in particular
by the meta-analysis of Aalto et al. (2006).  Several other studies had
concluded accordingly (Airaksinen et al., 1997; Hurri et al., 1998;
Jonsson et al., 1998; Katz et al., 1999; Rillardon et al., 2003). The
only independent predictive factor of favorable developments that
was highlighted in our multivariate analysis was the low comorbid-
ity. Charlson score that we  used for the evaluation of comorbidity
assessed the associated pathologies also taking into account age.
Age was often found as a predictive factor. For Herno et al.
(1995), age below 50 years was  a good prognosis factor. However,
Rillardon et al. (2003) and Yamashita et al. (2003) concluded that
age above 65 years was  correlated with good prognosis. On the
other hand, the study by Shabat et al. (2011) concluded to a good
result when decompressive laminectomy was offered to octogenar-
ians. However, this study was not a comparative one and involved
a small population.
Univariate analysis of our work also highlights the preoperative
neurological deﬁcit as a predictive factor for favorable develop-
ment. It was  reported in many series in the literature. This result
means that the appearance of a neurological deﬁcit seems to be the
appropriate moment in the natural evolution of spinal stenosis to
perform a surgical release.
The inﬂuence of anatomic features of the stenosis (seat, extent,
signiﬁcance) was also studied in the literature. Herno et al. (1995),
Jonsson et al. (1998),  Hurri et al. (1998), reported that the signiﬁcant
stenosis was a factor of a better outcome. For Katz et al. (1999) this
factor had no inﬂuence. For Iguchi et al. (2000),  patients affected
by a multilevel stenosis had a poorer clinical outcome than those
harboring a one level stenosis.Some psychosocial factors have been particularly studied in the
literature, like a pre- or postoperative professional activity (Herno
et al., 1995), the feeling of good health of the patient (Aalto et al.,
2006; Katz et al., 1999), the preoperative subjective difﬁculty for
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alking (Aalto et al., 2006), the absence of anxiety or depressive
yndrome (Aalto et al., 2006; Rillardon et al., 2003; Voorhies et al.,
007), a higher income (Aalto et al., 2006), and the absence of per-
onal injuries or claim (Voorhies et al., 2007).
.3. Limits and interest of this study
Our study is hampered by an information bias due to an ini-
ial target established a posteriori. The retrospectively preoperative
valuation performed on patient ﬁles is another weakness of our
ork. The rate of loss to follow-up (31%), corresponds to the liter-
ture data. In our series, the complication and reintervention rate
as 14% and was  comparable to other published studies, which
anged from 8 to 23% (Herno et al., 1995; Iguchi et al., 2000; Jonsson
t al., 1998; Katz et al., 1999; Rillardon et al., 2003). The assess-
ent at ﬁve years in out clinic patient with a single, independent
bserver has reduced bias assessment and is a speciﬁed beneﬁt
hrough many studies. The function evaluation was  performed by
he Beaujon score, which is well-known and used in several studies
Mariconda et al., 2000; Rillardon et al., 2003). The Oswestry score
as often used in various studies (Airaksinen et al., 1997; Gelalis
t al., 2010; Haro et al., 2008; Herno et al., 1995; Nemec et al., 2010;
hornes et al., 2011; Yasar et al., 2009). This score was originally
eveloped to assess patients complaining of a low back pain there-
ore poorly suited to the evaluation of patients with predominant
eg pain. Many studies evaluate outcome only with a subjective
ssessment provided by the patients themselves (Cornefjord et al.,
000; Gelalis et al., 2006; Hansraj et al., 2001; Jonsson et al., 1998;
atz et al., 1999; Rompe et al., 1999; Turner et al., 1992).
As we reported above, most published series have found an
mproved functional outcome in the medium and long term. Our
tudy shows a signiﬁcant improvement (P = 0.001) of the Beau-
on score between the preoperative status and ﬁve years after
aminectomy. This score increased from 9.3 ± 3.1 preoperatively
o 14.1 ± 4.2 at ﬁve years. The main criterion used as a favorable
utcome in our study was a Beaujon score increasing of at least
ve points, which usually corresponds to a disappearance of radic-
lar and low back pain with intermittent persistent neurological
eﬁcits, improved perimeter of walk and the ability to carry out
ctivities of daily living. Our criterion allows a more global per-
pective for patient and corresponds to a real improvement of the
atient’s functional status. The identiﬁcation of predictive factor of
ong-term function are essential to reﬁne the indications for surgery
nd improve long-term functional results. In our study, the func-
ional test results seemed to be good enough to conclude that the
dentiﬁed predictive factors have a certain meaning. It conﬁrms
hat the Beaujon score allows a simple evaluation, fast and reliable
unctional status of patients who can achieve in practice. It serves
rimarily to establish criteria to assess the timing for the surgi-
al management of degenerative lumbar spinal stenosis. A Beaujon
core under 11 points which corresponds to the median preoper-
tive score and to the occurrence of a neurological deﬁcit is the
est timing to undertake surgery. The presence of a low comor-
idity characterized by a Charlson score of less than or equal to 3
ncreases the chance of getting a good result on the function in the
ong term.
. Conclusion
Our study demonstrates that surgical treatment of lumbar spinal
tenosis improved by 49.5% at ﬁve years. The only independent pre-
ictive factor of long-term improvement reveals that comorbidity
ay  limit signiﬁcantly the quality of the expected functional result
nd should be considered when choosing the therapeutic orienta-
ion. The Beaujon score appears as a useful tool in the preoperativeurgie 59 (2013) 23–29
evaluation. The outbreak of a neurological deﬁcit and a Beaujon
score below 11 during the natural evolution of the degenerative
lumbar stenosis is the appropriate threshold in order to obtain
optimal long-term results.
Disclosure of interest
The authors declare that they have no conﬂicts of interest con-
cerning this article.
References
Aalto, T.J., Malmivaara, A., Kovacs, F., Herno, A., Alen, M., Salmi, L., Kroger,
H.,  Andrade, J., Jimenez, R., Tapaninaho, A., Turunen, V., Savolainen, S.,
Airaksinen, O., 2006. Preoperative predictors for postoperative clinical out-
come in lumbar spinal stenosis: systematic review. Spine (Phila Pa 1976) 31,
E648–E663.
Airaksinen, O., Herno, A., Turunen, V., Saari, T., Suomlainen, O.,  1997. Surgical out-
come of 438 patients treated surgically for lumbar spinal stenosis. Spine (Phila Pa
1976) 22, 2278–2282.
Amundsen, T., Weber, H., Nordal, H.J., Magnaes, B., Abdelnoor, M.,  Lilleas, F.,
2000. Lumbar spinal stenosis: conservative or surgical management? A
prospective 10-year study. Spine (Phila Pa 1976) 25, 1424–1435 (discussion
1435–1426).
Athiviraham, A., Wali, Z.A., Yen, D., 2011. Predictive factors inﬂuencing clinical
outcome with operative management of lumbar spinal stenosis. Spine J 11,
613–617.
Atlas, S.J., Keller, R.B., Wu,  Y.A., Deyo, R.A., Singer, D.E., 2005. Long-term outcomes
of surgical and non-surgical management of lumbar spinal stenosis: 8 to 10
year  results from the maine lumbar spine study. Spine (Phila Pa 1976) 30,
936–943.
Charlson, M.E., Pompei, P., Ales, K.L., MacKenzie, C.R., 1987. A new method of classify-
ing prognostic comorbidity in longitudinal studies: development and validation.
J  Chronic Dis 40, 373–383.
Cornefjord, M., Byrod, G., Brisby, H., Rydevik, B., 2000. A long-term (4- to 12-year)
follow-up study of surgical treatment of lumbar spinal stenosis. Eur Spine J 9,
563–570.
Gelalis, I.D., Arnaoutoglou, C., Christoforou, G., Lykissas, M.G., Batsilas, I., Xenakis, T.,
2010. Prospective analysis of surgical outcomes in patients undergoing decom-
pressive laminectomy and posterior instrumentation for degenerative lumbar
spinal stenosis. Acta Orthop Traumatol Turc 44, 235–240.
Gelalis, I.D., Staﬁlas, K.S., Korompilias, A.V., Zacharis, K.C., Beris, A.E., Xenakis, T.A.,
2006. Decompressive surgery for degenerative lumbar spinal stenosis: long-
term results. Intern Orthop 30, 59–63.
Gibson, J.N., Waddell, G., 2005. Cochrane Database Syst Rev 4, CD001352, Review.
Hansraj, K.K., Cammisa Jr., F.P., O’Leary, P.F., Crockett, H.C., Fras, C.I., Cohen, M.S.,
Dorey, F.J., 2001. Clin Orthop Relat Res 384, 10–17.
Haro, H., Maekawa, S., Hamada, Y., 2008. Prospective analysis of clinical evaluation
and self-assessment by patients after decompression surgery for degenerative
lumbar canal stenosis. Spine J 8, 380–384.
Herno, A., Airaksinen, O., Saari, T., Sihvonen, T., 1995. Surgical results of lumbar spinal
stenosis. A comparison of patients with or without previous back surgery. Spine
(Phila Pa 1976) 20, 964–969.
Hurri, H., Slatis, P., Soini, J., Tallroth, K., Alaranta, H., Laine, T., Heliovaara, M.,  1998.
Lumbar spinal stenosis: assessment of long-term outcome 12 years after oper-
ative and conservative treatment. J Spinal Disord 11, 110–115.
Iguchi, T., Kurihara, A., Nakayama, J., Sato, K., Kurosaka, M.,  Yamasaki, K., 2000. Mini-
mum  10-year outcome of decompressive laminectomy for degenerative lumbar
spinal stenosis. Spine (Phila Pa 1976) 25, 1754–1759.
Javid, M.J., Hadar, E.J., 1998. Long-term follow-up review of patients who underwent
laminectomy for lumbar stenosis: a prospective study. J Neurosurg 89, 1–7.
Jonsson, B., Annertz, M.,  Sjoberg, C., Stromqvist, B., 1998. A prospective and con-
secutive study of surgically treated lumbar spinal stenosis. Part II: Five-year
follow-up by an independent observer. Spine (Phila Pa 1976) 22, 2938–2944.
Katz, J.N., Stucki, G., Lipson, S.J., Fossel, A.H., Grobler, L.J., Weinstein, J.N., 1999. Predic-
tors of surgical outcome in degenerative lumbar spinal stenosis. Spine (Phila Pa
1976) 24, 2229–2233.
Lassale, B., Bitan, F., Bex, M.,  Deburge, A., 1988. Functional results and prognostic fac-
tors in the surgical treatment of degenerative lumbar stenosis. Rev Chir Orthop
Reparatrice Appar Mot  74 (Suppl. 2), 85–88.
Malmivaara, A., Slatis, P., Heliovaara, M.,  Sainio, P., Kinnunen, H., Kankare, J., Dalin-
Hirvonen, N., Seitsalo, S., Herno, A., Kortekangas, P., Niinimaki, T., Ronty, H.,
Tallroth, K., Turunen, V., Knekt, P., Harkanen, T., Hurri, H., 2007. Surgical or non-
operative treatment for lumbar spinal stenosis? A randomized controlled trial.
Spine (Phila Pa 1976) 32, 1–8.
Mariconda, M.,  Zanforlino, G., Celestino, G.A., Brancaleone, S., Fava, R., Milano, C.,
2000. Factors inﬂuencing the outcome of degenerative lumbar spinal stenosis. J
Spinal Disord 13, 131–137.
Nemec, F., Ryba, L., Repko, M.,  Chaloupka, R., 2010. Quality of life in the patients
treated for degenerative lumbar spinal stenosis: a three-year follow-up study.
Acta Chir Orthop Traumatol Cech 77, 484–488.
rochir
R
R
S
T
TE. Foulongne et al. / Neu
illardon, L., Guigui, P., Veil-Picard, A., Slulittel, H., Deburge, A., 2003. Long-term
results of surgical treatment of lumbar spinal stenosis. Rev Chir Orthop Repara-
trice Appar Mot  89, 621–631.
ompe, J.D., Eysel, P., Zollner, J., Nafe, B., Heine, J., 1999. Degenerative lumbar spinal
stenosis. Long-term results after undercutting decompression compared with
decompressive laminectomy alone or with instrumented fusion. Neurosurg Rev
22,  102–106.
habat, S., Arinzon, Z., Gepstein, R., Folman, Y., 2011. Long-term follow-up of revision
decompressive lumbar spinal surgery in elderly patients. J Spinal Disord Techn
24,  142–145.
hornes, E., Ikonomou, N., Grotle, M.,  2011. Prognosis of surgical treatment for
degenerative lumbar spinal stenosis: a prospective cohort study of clinical out-
comes and health-related quality of life across gender and age groups. Open
Orthop J 5, 372–378.
urner, J.A., Ersek, M.,  Herron, L., Deyo, R., 1992. Surgery for lumbar spinal stenosis.
Attempted meta-analysis of the literature. Spine (Phila Pa 1976) 17, 1–8.urgie 59 (2013) 23–29 29
Voorhies, R.M., Jiang, X., Thomas, N., 2007. Predicting outcome in the surgical treat-
ment of lumbar radiculopathy using the Pain Drawing Score, McGill Short Form
Pain  Questionnaire, and risk factors including psychosocial issues and axial joint
pain. Spine J 7, 516–524.
Weinstein, J.N., Tosteson, T.D., Lurie, J.D., Tosteson, A.N., Blood, E., Hanscom, B.,
Herkowitz, H., Cammisa, F., Albert, T., Boden, S.D., Hilibrand, A., Goldberg, H.,
Berven, S., An, H., 2008. Surgical versus non-surgical therapy for lumbar spinal
stenosis. New Engl J Med  358, 794–810.
Yamashita, K., Hayashi, J., Ohzono, K., Hiroshima, K., 2003. Correlation of patient
satisfaction with symptom severity and walking ability after surgical treat-
ment for degenerative lumbar spinal stenosis. Spine (Phila Pa 1976) 28,
2477–2481.
Yasar, B., Simsek, S., Er, U., Yigitkanli, K., Eksioglu, E., Altug, T., Belen, D., Kars,
Z.H., Bavbek, M.,  2009. Functional and clinical evaluation for the surgical treat-
ment of degenerative stenosis of the lumbar spinal canal. J Neurosurg Spine 11,
347–352.
